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of 2 ·170 feet at Benares, was brought from Calcutta 
across the mountainous region of Hazaribagh. This 
levelling was carefully observed, but no levelling over 
mountains can have a high degree of accuracy. The 
rays to the fore and aft staves are exposed to unequal 
refraction. I do not think that the level of the flat 
plains of Bihar can be tested by mountain levelling. 
A bench-mark on Hazaribagh rock would be a reliable 
standard datum for Bihar, provided it were not 
high up, but on a steep ascent levelling accuracy 
deteriorates. 

Dinajpur Levelling. In 1900 (after the publication 
by the Geological Survey of the memoir on the great 
earthquake of 1897) a line oflevels was carried across 
Bengal from south to north, from Calcutta to 
Dinajpur, by Capt. H. L. Crosthwait and Lieut. 
H. M. Cowie : this line was in every way scientific, 
and the height of Dinajpur was determined as 
accurately as was possible. In 1925 a new line of 
levels intersected the 1900 line at Dinajpur. The 
discrepancy between the 1900 and the 1925 results 
was 0·963 foot. 

Dr. Hunter assumes this discre:I'ancy of 0·963 foot 
to be due to the rise of Bengal between 1900 and 
1925, and he converts the observed error of 0·963 
into a theoretical rise of 4 feet in 100 years. Dr. 
Hunter's procedure is based upon the assumption 
that there was no levelling error on either of the 
lines that met at Dinajpur. Such an assumption is 
contrary to experience. If we bear in mind that the 
1925 level-line had to pass through the streets of 
Calcutta and to cross the Hugli, and that both the 
1900 and 1925 lines had to cross the main stream 
of the Ganges, we may feel justified in thinking that 
a discrepancy of 0 ·963 foot in 500 miles is within 
the limits of accumulated error. 

The safest way of proving whether Dinajpur has 
risen in height would be to re-observe the whole 
levelling line of 1900, bench-mark by bench-mark, 
from Calcutta to Dinajpur. A single intersection of 
this line by another line does not furnish convincing 
evidence. 

By DR. J. DE GRAAFF HUNTER, C.I.E. 

MY short account of the results of spirit-levelling 
in Bengal, accumulated between 1862 and 1930, 
and their interpretation, are given in the Survey of 
India Geodetic Report (6, 104-6). In such a report 
considerations of space preclude the inclusion of 
every corroborative detail which the full records of 
the work contain. 

Sir Sidney Burrard, not quite rightly, says that 
my theory rests on three levelling results. Actually 
it rests on a group of levelling circuits all giving 
evidence in the same direction ; but the results which 
he cites are certainly important. The first of these 
does not rest on the single bench-mark at the railway 
station. If reference is made to pp. 71-97 loc. cit., 
it will be seen that two bench-marks, a quarter of 
a mile apart, were picked up at Pirpainti and gave 
results agreeing within 0·05 ft. Further, the con
nexion with Pirpainti was made after results at 
Bhagalpur and Luckeesarai had indicated a rise of 
more than two feet ; which the Pirpainti connexion 
confirmed. The 'secondary' levelling of 1929 is 
almost of the same type as what was formerly 
(before the introduction of levelling of high precision) 
known as levelling of precision. 

The Benares result depends in part on Pirpainti, 
now justified, and on modern levelling through the 

mountainous region of Hazaribagh. In the case of 
a much more mountainous Himalayan circuit, I 
investigated the refraction anomaly, and found it 
to be trivial, a much more important error being 
due to the variation in length of the wooden levelling 
staves, during the course of the day. This tends 
to increase with the total amount of ups and downs 
of the line, which in the case of the Hazaribagh line 
are not enough to justify rejection of results, though 
nowadays we should employ invar staves in such a 
case. 

Careful consideration was given to the errors 
which might naturally be expected in all these level
ling lines, including those on which the Dinajpur 
result was based ; and the special difficulties of wide 
river crossings were not forgotten. 

The geographical evidence is sufficient to cause 
Sir Sidney to mistrust the levelling of 1862 because 
the workers were inexperienced and had primitive 
instruments ; and more modern work when it passes 
through mountains such as occur in Hazaribagh. I 
cannot bring myself to discount all the spirit levelling 
in this way and prefer to judge it by its own internal 
and unbiased evidence, not omitting to consider the 
'systematic' error as usually evaluated. 

The spirit levelling evidence is limited to the area 
of its observations, and so gives only a partial 
picture. This covers roughly the triangle Calcutta

So the contours of my chart 
(NATURE, Feb. 17, p. 236) extend little into the 
area of Sir Sidney's sketch of the rivers of Bihar. 
Most of this river area may have risen almost uni
formly, which would certainly be in keeping with 
my area of underloading. Why, then, should ex
tensive geographical changes be expected, or their 
absence be regarded as in opposition to the results 
of much spirit-levelling ? 

In my opinion much of the so-called 'systematic 
error' in levelling must be due to secular changes 
of ground level operating during the progress of 
the lines forming a circuit. On this account we are 
probably assessing the precision of spirit levelling 
below its true value. 

Research in the Sea* 

T HE latest available issue of the Journal of the 
Marine Biological Association contains many 

valuable memoirs, being records of research under
taken chiefly at the Plymouth Marine Laboratory 
but also at the Scottish Marine Station, Millport, the 
Port Erin Marine Station, Isle of Man, and the Dove 
Marine Laboratory, Cullercoats, Northumberland. 
The whole is admirably planned and emphasises the 
fact that oceanography in its broadest sense is the 
object of all the work done in these laboratories, 
that is to say, the study of the sea and its contents 
both animate and inanimate and of all factors which 
influence these, centring round the fish itself. It 
is impossible nowadays to separate pure science from 
the practical side, or to say that any matter connected 
with the sea is irrelevant to its study, and we find 
these researches carried on in the marine laboratories 
of Great Britain tend more and more to fit into one 
another and show real progress in general knowledge 
of the interpretations of marine phenomena. 

A glance at the subject matter will show how 
varied are the contents, but yet how well everything 
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